Introduction
The rapid increase in the prevalence of type 2 diabetes, obesity and associated complications is a major public health problem in most developed and many developing countries (1) . In Australia, data from the 1999-2000 AusDiab study estimated that approximately 1 million (7.4%) Australian adults aged 25 years and over have type 2 diabetes (2), while 60% are overweight or obese (3) , similar to prevalence rates reported in the USA (4) and UK (5) .
Weight loss and physical activity are first line approaches in the treatment of type 2 diabetes and its related morbidities (6, 7) . There is substantial evidence that intensive, and most often, clinic-based, lifestyle interventions involving frequent participant contact will produce significant weight loss (5-7% of body weight) as well as concomitant improvements in glycemic control and dyslipidemia in those with type 2 diabetes (8-10). The Look AHEAD trial in the USA, which evaluated a multi-year, intensive lifestyle intervention with the aim of reducing the incidence of cardiovascular disease events in type 2 diabetes, is a landmark trial in this regard (11). However, the intensity of resources involved in intervention delivery and the often highly selected nature of trial participants limits the generalizability of findings from such studies (12). While these trials have made substantial contributions to the evidence on what is possible to achieve under optimal conditions, they are less informative about what is feasible to achieve in applied settings.
Type 2 diabetes is managed predominately in the primary care setting, with an emphasis on monitoring glycemic control and cardiovascular and neurological complications, with concomitant medication management. While lifestyle advice is part of guideline concordant care (13), intensive lifestyle intervention is not routinely feasible in the general practice setting. Patients are often referred to hospital or community-based weight loss/lifestyle programs, but only a minority of patients with type 2 diabetes attend (14), and such programs are not universally available outside of major metropolitan areas. Thus, there is a need for 4 feasible, effective, broad reach approaches to support the growing numbers of patients with type 2 diabetes to achieve and maintain glycemic control via weight loss and improved physical activity.
Telephone-delivered lifestyle interventions have the potential for widespread and costeffective population reach and for integration as a primary care referral source. Two systematic reviews have found very strong support for their efficacy in improving physical activity and dietary behaviors, both in healthy adults and those with chronic conditions (15, 16) . A growing number of trials have evaluated telephone-delivered interventions specifically targeting weight loss, with many demonstrating significant intervention effects compared to a control group (17) (18) (19) (20) . Only a small number of trials have evaluated telephone-delivered diabetes self-management interventions (21-26). Most had a primary emphasis on medication management, with less emphasis on weight loss and changes in behaviors that are recommended as part of diabetes management (i.e., physical activity and diet; (13)). The consistency of reporting on weight loss and related health behaviors was also mixed in these trials, as were results for these outcomes. In addition, limited attention was given to sample representativeness. This paper describes the six-month outcomes of the Living Well with Diabetes (LWWD) trial which is evaluating a telephone-delivered behavioral weight loss intervention targeting improved glycemic control in adults with type 2 diabetes recruited from primary care practices, compared to usual care. As in the Look AHEAD trial, medical management and related medication adherence issues were the domain of the primary care physician or specialist, allowing LWWD to work in concert with primary care to provide a lifestylefocussed intervention not possible to be delivered in the context of busy primary care visits.
The six-month endpoint in the LWWD trial corresponds to the end of the intensive phase of intervention involving the highest call frequency, with a 12-month maintenance phase to follow. As described in detail elsewhere (27), intervention protocols were adapted for telephone delivery from clinical practice guidelines for overweight and obesity (6, 9); our previous trial (28); and protocols used in the Look AHEAD trial (29, 30) . Thus the LWWD trial is a pragmatic trial (31); designed to inform translation of intensive lifestyle change and weight loss interventions, such as Look AHEAD, into a feasible broad reach delivery model.
It was predicted that compared to usual care, telephone counseling would result in greater changes in the primary outcomes of weight loss, increased physical activity and improved glycemic control; and, in reduced energy intake and improved diet quality.
Methods
Trial methods are described here in brief, as they have been presented in detail previously (27) . Living Well with Diabetes is a two-arm randomized controlled trial. Ethical approval was granted from The University of Queensland Behavioral and Social Sciences Ethical Review Committee. Participants were recruited from nine general practices in the city of Logan (population 270,000), a large ethnically and socioeconomically diverse community in the state of Queensland (Australia), 35 kilometres from Brisbane (the state capital), an urban centre of 1.8 million residents.
Patient recruitment and randomization
Within practices, 1407 eligible patients (i.e., diagnosed type 2 diabetes; aged 20-75 years;
and having a listed telephone number) were identified using electronic medical records ( Figure 1 ). Patients not initially excluded by General Practitioner (GP) screening for contraindications to unsupervised physical activity (n=499) were posted study materials by the GP and if not declining further contact (n=206), were followed up by study staff to 6 ascertain eligibility and to solicit informed consent. Patients were eligible if they were inactive (self-reported <5 days/week of ≥30min planned exercise) and/or overweight or obese Exenatide) and dipeptidyl peptidase-4 inhibitors (e.g. Sitagliptin) were considered separately as these new agents may cause less weight gain than traditional diabetes medications (34, 35) .
Usual Care
Usual Care participants were mailed a brief summary of their assessment results following each assessment, as well as standard, off-the-shelf diabetes self-management education brochures.
Telephone-delivered weight loss intervention
The weight loss intervention, delivered entirely over the telephone, used a combined approach of increasing physical activity, reducing energy intake and behavioral therapy (6, 7 9 ). Participants received a detailed workbook at the commencement of the intervention and approximately 14 telephone calls over the first six months (4 initial weekly calls followed by fortnightly calls), to support initiation of weight loss. The intervention followed a motivational interviewing approach (36) grounded in Social Cognitive Theory constructs of self-efficacy, social support and outcome expectancies (6, 9) , and emphasized building participant skills in behavior change strategies. Accordingly, telephone counsellors worked with participants to identify the benefits of weight loss and lifestyle change, set goals for small, gradual changes to physical activity and dietary intake, self-monitor progress, problem-solve, utilize available supports, and focus on achievements with appropriate rewards (6, 37) . Specific intervention targets for weight loss, physical activity and dietary intake were consistent with management goals for type 2 diabetes (13), with the aim to reduce glycosylated haemoglobin (HbA1c) to less than 7% (6, 38, 39) . Participants were encouraged to achieve moderate weight loss of 5-10% of initial body weight, with a loss of 1-2 kg per month (13, 40) . A target of at least 210 minutes per week (30 minutes every day) of moderate-intensity, planned activity was recommended, consistent with the level of physical activity necessary to promote weight loss (39) , along with resistance exercise (2-3 sessions/week) (41). To allow for specific food preferences and approaches, individualised advice (6, 13, 42) was used to encourage participants to reduce daily energy intake by 2 megajoules (MJ) by following healthy eating principles, including following a low-fat diet (i.e., total fat < 30% of energy and saturated fat < 7% of energy) with sufficient dietary fiber (25 grams/day for women and 30 grams/day for men) (43). Participants were provided with a pedometer to monitor daily steps and with a set of digital scales to monitor their body weight.
Fidelity of intervention delivery was monitored via feedback to counselors following randomly taped telephone calls and fortnightly clinical supervision meetings. Call attempts, completions and duration were tracked in the trial database. 
Statistical Analyses
Analyses were performed in SPSS version 20.0 (IBM Corp). Significance was set at p<0.05, two-tailed. The sample size had been chosen to ensure at least 90% power (with two-tailed significance of 5%) to detect minimum differences of interest in primary outcomes of 5% weight loss, 0.6% HbA1c and 60 minutes/week physical activity and provided adequate (≥80%) power for differences in diet (2 MJ energy intake and ½ a standard deviation diet quality). The trial was not powered apriori for moderation analyses.
Significance of changes within groups was assessed by paired t-tests (normal data) or signed ranks test (physical activity). Analyses were by generalized linear models with normal distribution and identity link for data that followed an approximately normal distribution (weight loss, log-transformed HbA1c, energy intake and diet quality) or with a gamma distribution and log link for physical activity, which approximately followed a gamma distribution. Means for each groups and differences between groups are reported with corresponding 95% confidence intervals from these models. Means for HbA1c are presented as back-transformed means; for HbA1c and physical activity, differences between groups are presented in exponentiated form, as rate ratios (RR, i.e., ratio of mean for Telephone
Counseling / Usual Care). There was no evidence of collinearity (variance inflation factors all < 2.5) or outliers (Cook's distance < 1). Plots of residuals versus predicted values suggested no problems due to non-normality or heteroscedasicity. Models adjusted for baseline values, potential confounders partly controlled through minimization (i.e., baseline age, gender, HbA1c, BMI, accelerometer-assessed physical activity, nurse-assessed diabetes medications), progression onto diabetes medication or onto insulin from baseline to six months, and other a priori identified potential confounders that had some association with at least one outcome at p<0.1 (i.e., baseline employment (retired yes/no), smoking status (never-/ex-/ current), cardiovascular related condition (cardiovascular disease, stroke, hypertension, high cholesterol), musculoskeletal condition (arthritis, osteoporosis) and lung disease). Duration of diabetes, income, education, use of weight loss aids and depression/anxiety had no association at p<0.1 with any outcome; intervention effects were unchanged (to within 20%)
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Missing data (12.6% Telephone Counseling, 7.3% Usual Care) were handled using the baseline-value-carried-forward (BVCF) method, to bias results towards the null in view of the possible systematic loss of participants who were not benefitting from the program.
Completers analysis (n=136 Telephone Counseling, n=141 Usual Care) examined the extent to which results were affected by assuming no change among dropouts (i.e., BVCF). A perprotocol analysis (in completers) examined results for those who completed the majority of the telephone counseling program (i.e. ≥11 calls).
Results
Baseline characteristics of the study participants are detailed in Table 1 . The sample had a mean (± Standard Deviation, SD) age of 58.0 (± 8.6) years and a median duration of diabetes of five years (25th, 75th percentile: 2, 10 years). Nearly all participants were either overweight (26.2%) or obese (68.2%), over two-thirds were not engaging in guideline levels of physical activity (69.5%), most were Caucasian (87.4%) and 56.3% were men. Compared with the general diabetes population as reported from the large Australian Diabetes and Lifestyle (AusDiab) study, study participants were similar in terms of gender, use of insulin, median duration of diabetes and HbA1c, but were more likely to use traditional oral hypoglycemic medication (Electronic Supplementary Material (ESM) Table 1) , and, consistent with the study inclusion criteria, were slightly younger and less variable in age, more commonly obese and had a lower prevalence of cardiovascular disease. Participation rate was high (72% of those reached and eligible) and participants mostly did not differ from non-participants (ESM Table 2 ) except for statistically significant differences in self-reportderived BMI, smoking status, educational level and diabetes duration. Loss to follow-up was 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 minimal and non-differential, with 87.4% of the telephone counseling group and 92.7% of the usual care group completing all 6-month assessments ( Figure 1 ). Most characteristics did not differ between those with complete (n=272) and those with missing data at 6-months (n=30) (ESM Table 3 ); the only statistically significant differences were in use of insulin (p=0.023) and smoking status (p=0.036). BVCF can underestimate the variability in the outcomes but did so only slightly in this study. Table 4 ).
Per protocol analyses showed that differences in outcomes for the telephone counseling participants who completed the majority of calls (n=68), relative to the usual care (n=141), 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Intervention improvements in physical activity were associated with weight loss, and weight loss was, in turn, associated with improved glycaemic control. However, the percentages of LWWD telephone group participants meeting the intervention targets for physical activity and diet (i.e., ≥210 min/week MVPA and at least 2MJ/day reduction in energy intake), while tending to improve with intervention, were quite low. This may partly explain the small intervention effect for weight loss and, in turn, the lack of improvement in glycemic control. Consistently, the results for the telephone counseling participants who had received the majority of calls were more positive than the results for the telephone counseling group as a whole, with more behavioral improvement, greater weight loss and some suggestion of a benefit in terms of glycemic control.
Strengths of the LWWD trial include attention to rigorous trial methods, specifically appropriate randomization, the blinding of assessors, use of objective and validated measurement for all outcomes (except diet), low attrition, high accelerometer compliance, and the evaluation of the robustness of the findings to assumptions regarding missing data and accelerometer cutpoints. Further, this was a pragmatic trial that delivered an intervention feasible for uptake to what was, for the most part, a representative sample of Australian primary care patients with type 2 diabetes. Limitations were: some minor participation biases typical in trials (i.e., a slight over-representation of those with higher education, neversmokers and those who were heavier and more recently diagnosed with diabetes); the use of a food frequency questionnaire to measure energy intake (55), which was chosen over the preferred 24-hour dietary recall method due to resource limitations; and the fact that the activity monitor primarily captures ambulatory movement while tending to underestimate participation in other activities, particularly strength training, which was encouraged as part of the intervention. Also, the way in which call attempt data were recorded in the database did not allow us to determine with certainty the extent to which low call completion related to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 lack of participant engagement versus non-delivery by counselors; however, examination of counselor-kept call records suggests that the vast majority of missed calls were due to participants.
While telephone-delivered lifestyle interventions show promise as a broad reach delivery modality relevant to the growing numbers of adults with type 2 diabetes, six-month results from the LWWD trial were quite small. As a trial designed to inform translation, we sought to recruit and retain a representative sample of participants, rather than a selected group of more motivated participants. This resulted in a sizeable proportion of intervention group participants not sufficiently engaged with the intervention to derive significant benefit, despite the motivational interviewing approach, and thus with small intervention effects for the intervention group as a whole. In contrast, intervention effects for those who participated in most of the program were considerably stronger. Taken together, results suggest that if the LWWD intervention were to be delivered only to willing/motivated participants in a translational setting, the impacts on weight, behavior change and glycemic control may be substantially stronger than is indicated by the findings from this trial. In future research, it may be advisable to screen potential participants prior to program enrollment to solicit a commitment to engage fully in all intervention activities, including all scheduled callsperhaps not to the extent of the formal 'run-in' periods implemented in the landmark intervention trials, but certainly more than the 'take all comers' approach used here. The risk of such screening is that it may act to exclude the more socioeconomically disadvantaged and racial/ethnic minority groups. Notably, the only socio-demographic characteristic significantly associated with call completion was employment status (being retired). As this type of intervention research moves increasingly into translational settings, it will be important to balance the need for wide population reach and representativeness with the imperative to allocate scarce healthcare resources to those likely to benefit. Interim results
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from the LWWD trial suggest that consideration should be given to culturally-tailored programs, and perhaps to less individually-targeted approaches that might better reach those from non-Caucasian backgrounds. Subsequent reporting on end-of-intervention and maintenance outcomes, and cost-effectiveness analyses will be important to speak to the full potential to inform translation.
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